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VI. RESULTS AND DISCUSSION 

A. Results 

Figure l presents a sketch of the Deeds offices indicating the 
locations where vapor samples were taken. Formaldehyde was detected 
in air at the locations and concentrations shown in Fi gure l and in 
Table l, with date of collection indicated. Office temperatures 
(75-77°) and relative humidities (40-50%) were normal. No formaldehyde 
odors were observed by the survey team, and no formaldehyde was 
detected i n wall cavi t ies or under carpeting. 

Other organic vapor concentrations (except benzene), were all <O.l 
ppm and so not indica t ive of any problem. Benzene concentrations 
of 0.38 , 0.39, and 0.54 ppm were detected at locations shown in 
Figure 1. No benzene source was found. 

Heavy dust accumulations were observed on window blinds . Such dust 
may become airborne due to blind adjustment or air movement. 
Potential sources of this dust are the fiberglass lining of the air 
supply ducts and construction debris reportedly left in these 
ducts . 

The insulation sample taken in the return air plenum was found to 
contain no asbestos . 

Floor drain traps in three restrooms were found to be empty, 
permitting backflow of sewer gas into the building. 

B. Discussion 

Formaldehyde concentrations in the air of the Deeds office varied 
f rom 0.05 to 0.69 ppm. Exposure to formaldehyde at the concentrations 
found has been. associated with some of the symptoms reported by 
employees. First symptoms noticed on exposure to formaldehyde at 
concentrations as low as .a. 1 parts per million (ppm) are burning of 
eyes, tearing (lacrimation), and general irritation to the upper 
respiratory tract (7). Higher exposures produce more severe symptoms. 
The current regulatory or reconmended occupational exposure limits 
for formaldehyde are : 3 ppm (OSHA 8-hr . time-weighted average 
l imit) (6); and 2 ppm (ACGIH ceiling limit) (2). These values were 
based on acute toxic effects of irritation, before the carcinogenic 
potential of formaldehyde was reported in 1979. The National 
Institute for Occupational Safety and Health (NIOSH), in recognition 
of its carcinogenic potential, now recommends that formaldehyde be 
handled in the workplace as a potential occupational carcinogen, 
and that as a prudent public health measure, engineering controls 
and stringent work practices be employed to reduce occupat ional 
exposure .to the lowest feasible limit (7). ACGIH has proposed 
lowering its recontnended threshold limit value to a concentration 
of 1.0 ppm, based on fonnaldehyde's suspected carcinogenicity in 
man (2). 
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Table 1 - Formaldehyde Concentrations in Air, 
Randolph County Courthouse 

Sample 
Code 
Nos. 

Formaldehyde Concentration (µpm) 

Location Sept. 16, 1983 Dec. 13, 1983 

LONG-TERM SAMPLESa 

Deeds office, west wall 
Deeds office, top of service counter 
Duplicating room 
Records room, east wall 
Lobby 

RCC-7005 
RCC-7002/7009 

RCC-7000 
RCC-7001 
RCC-7003 

0. 19 
0.27 
0. 21 
0.69 
1.16 

0 .05 

Deeds office, inside counter cabinets 
Courtroom D, judge's desk 

RCC-7006/7007 
RCC-7008 

0.34, 0.34 
0.05 

DETECTOR TUBES 

Deed's office, inside counter cabinets 
Inside exterior walls, Deed's office 
Under carpet, Deed's office 
Air supply ducts, Deed's office 
Under table tops, records room 
Courtroom D, inside furniture drawers 
Courtroom D, general area 

a Long-term sampl i ng was 4 hrs on Sept. 16, 1983 and 24 hrs on Dec. 13, 1983. 

N. D. - none detected; limit of detection: 0.2 ppm 

0.5, 1.0 
N.D . 
N.D. 
N.D . 
N.D. 
0 .. 5 
N.D. 

Formaldehyde is widely used as a bonding agent in the manufacture 
of myriad products. Formaldehyde as an indoor office air pollutant 
has been studied at length (10). Generally, 11 energy-efficient11 

office buildi ngs allow much less air infiltration because of 
tighter construction, and provide less fresh air and lower circulated 
air rates than buildings built more than 10 years ago, resulting in 
higher concentrati ons of indoor air contaminants, such as formaldehyde, 
that were not a problem in older less energy-efficient buildings. 
Possible sources of formaldehyde in the air of office buildings are 
urea-formaldehyde foam insulation, cigarette smoke, carpeting, 
laminated and particle-board furniture, wall fabrics (10), and 
carbonless forms (11) if present in abundance. Experience has 
shown that the formaldehyde contamination, if caused by emissions 
from materials other than foam insulation, often disappears in a 
year or more. The ventilation system of a building may also 
enhance buildup of contaminants by designs which provide poor air 
mixing (11). 
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Sampling was performed during September to determine if formaldehyde 
was present in office air. After results indicated substantial 
forma ldehyde concentrations, further sampling was carried out in 
December in an attempt to discover the source. In December there 
was little formaldehyde detected in the office air, and the only 
indicated emission source was the built-in cabinetry, principally 
in the Deeds office service counter. Although some wooden cabinets 
are known to contain and emit formaldehyde, there is some question 
whether the counter installation alone could deliver the concentrations 
found in September. The lower general air formaldehyde concentrations 
may be indicative of higher winter ventilation rates. 

Often low ventilation rates will permit accumulation of air contaminants 
in offices to a point that they become irritating, and increased 
fresh air will often alleviate the problem even if the specific 
offending substance is not identified. No ventilation measurements 
were made , but at least 10 percent fresh makeup air should be 
maintained in the air supply. A minimum of 800 cfm fresh air and 
2500 cfm total recirculated air should be supplied to the Deeds 
offices. 

Recent studies at the University of North Carolina and the National 
Institute for Environmental Health Sciences (12) have shown that, 
when the source of formaldehyde is office furnishings, increased 
dilution ventilation has been effective in reducing peak formaldehyde 
concentrations in the ai r of offices from 0.8 ppm to less than 0.1 
ppm. Experience has shown that few subjective complaints of respiratory 
and eye irritation are received when formaldehyde levels are consistently 
held below 0. 1 ppm. 

Samples indicated that there may be other formaldehyde sources in 
other parts of the new annex. The courtrooms contain much built-in 
staging and furniture. Courtroom 0 showed little formaldehyde in 
air, but 0.5-1.0 ppm in a desk drawer. 

Benzene concentrations ranged from 0.38 to 0.54 ppm in the Deeds 
office. In view of benzene's potential for causing cancer, any 
concentration should be ~liminated if possible. No chemicals could 
be found in the Deeds office which might account for this benzene. 

VII . CONCLUSI ONS 

1. No definite health hazard was found. Formaldehyde in the 
air in the Deeds offices, possibly from built-in cabinets, may 
contribute to the reported symptoms and discomfort of the 
employees. Other factors that may contribute are dust and 
insufficient fresh or recirculated air in the office venti­
lation system. 



Page 10 - Hazard Evaluation and Technical Assistance Report No. 83-418 

2. Apparently some benzene is entering the air in the Deeds 
offices. The source could not be found. Benzene is sometimes 
found in book binding glues and cleaning solvents. 

3. Empty P-traps in floor drains allow air from the sewer line 
serving the restrooms to be drawn into some rooms. 

VIII. RECOMMENDATIONS 

l. At least 800 cubic feet per minute of fresh makeup air and 
2500 cfm total recirculated air should be provided to the 
Deeds offices on a continuing basis. This may lower air 
contaminant levels and help abate respiratory symptoms in 
affected employees. 

2. Should respiratory problems persist after recommended ventilation 
is provided, consideration should be given to replacement of 
the built-in cabinets in the Deeds office, the only specific 
formaldehyde emission source found. 

3. Affected persons should consult their personal physicians 
regarding the findings of this survey. 

4. Solvents, dupl icating materials and binding agents should be 
investigated to find the benzene source. If found, it should 
be eliminated by use of other materials. 

5. Floor drain traps should be kept filled with water to avoid 
backflow of sewer gas into restrooms. 

IX. REFERENCES 

1. Criteria for a Recommended Standard-Occupational Exposure 
to Alkanes, U.S. Department of Health, Education and Welfare. 
DHEW(NIOSH) Publication No. 77-151 (March 1977). 

2. Threshold Limit Values for Chemical Substances and Physical 
Agents in the Work Environment with Intended Changes for 
1983-1984, American Conference of Governmental Industrial 
Hygienists, Cincinnati, Ohio, 1983. 

3. Special Occupational Hazard Review with Control Reconrnendations­
Trichloroethylene. National Institute for Occupational Safety 
and Health, Publication NIOSH 78-130, 1978. 

4. Pocket Guide to Chemical Hazards, U.S. Department of Health, 
Education and Welfare and U.S. Department of Labor. 
DHEW(NIOSH) Publication No. 78-210 (September 1978). 

5. Revised Reconrnendation for an Occupational Exposure Standard 
to Benzene. U.S. Department of Health, Education and Welfare. 
Unnumbered NIOSH Publication, 1977, supplemented by NIOSH testimony 
at OSMA h,:\;:irinn Llul v 1Q77) 



Page ll - Hazard Evaluation and Technical Assistance Report No. 83-418 

6. General Industry Standards, Occupational Safety and Health 
Administration, Publication OSHA 2206 (November 1978). 

7. Formaldeh de: Evidence of Carcino enicit , NIOSH Current 
Intelligence Bulletin 34, DHHS NIOSH Publication No. 81-111, 
(April 15, 1981). 

8. ASHRAE Guide and Data Book, Applications, 1978. American 
Society of Heating, Refrigerating and Air Conditioning 
Engineers, 1977. 

9. ASHRAE Handbook and Product Directory, Fundamentals, 1977. American 
Society of Heating, Refrigerating and Air Conditioning Engineers, 
1977. 

10. International Symposium on Indoor Pollution, Health and 
Ener Conservation, University of Massachusetts, Amhert 
October 1316, 1981 . (Proceedings available from OHSG). 

11. Gockel, D. L., S. W. Horstman, and C. M. Scott, Formal dehyde 
Emission from Carbonless Copy Paper Fonns. Amer. Ind . Hyg. 
Assn. J., 42:474-476 , 1981. 

12. Dement, J. M. , N. D. Smith, J . L. S. Hickey and T. M. Williams, 
An Evaluation of Formaldehyde Sources, Exposures and Possible 
Remedial Actions in Two Office Environments. To be presented at 
the Third International Conference on Indoor Air Quality and 
Climate, Stockholm, Sweden, August 20-24, 1984. 

X. AUTHORSHIP AND ACKNOWLEDGEMENTS 

The cooperation of Mrs. Annie Shaw and Mrs. Ann Shaw in the 
environmental evaluation is hereby acknowledged. 

Evaluation conducted and report prepared by: 

Chemical Analyses: 

Report and Industrial Hygiene Evaluation: 

Industrial Hygiene Evaluation: 

Report Typed By: 

Carolyn c. Bishop, M.S.P.H. 

J .L.S. Hickey, Ph.O.,C.I.H.,P.E. 

Ted M. Williams, M.S.P.H. 

Pamela Hooker 



Page 12 - Hazard Evaluation and Technical Ass istance Report No . 83-418 

Originating Office: 

XI. DISTRIBUTION AND AVAILABILITY 

Occupational Health Studies Group 
School of Public Health 
University of North Carolina 
Chapel Hill, NC 27514 

Representing the National 
Institute for Occupational Safety 
and Health under Cooperative 
Agreement 1 UOl OH 01164-01 

Copies of this Determination report are currently available 
upon request from NIOSH, Division of Standards Development and 
Technology Transfer, Publications Dissemination Section, 4676 Columbia 
Parkway, Cincinnati, Ohio 45226. After ninety (90) days the report 
will be available through the National Technical Information Service 
(NTIS), Springfield, Virginia. Information regarding its availability 
through NTIS can be obtained from the ~IOSH Publications Office at the 
Cincinnati, Ohio address. 

Copies of this report have been sent to: 

(a) Register of Deeds, Randolph County, Asheboro, NC 27203 
(b) U.S. Department of Labor, OSHA, Region IV 
(c) NIOSH Region IV 
(d) North Carolina Department of Human Resources 
(e) North Carolina Department of Labor 


